Oligonucleotide-directed mutagenesis was used to introduce an A to C transversion at position 523 in the 16S ribosomal RNA gene of Escherichia coli rrnB operon cloned in plasmid pKK3535. E. coli cells transformed with the mutated plasmid were resistant to streptomycin. The mutated ribosomes isolated from these cells were not stimulated by streptomycin to misread the message in a poly(U)-directed assay. They were also restrictive to the stimulation of misreading by other error-promoting related aminoglycoside antibiotics such as neomycin, kanamycin or gentamicin, which do not compete for the streptomycin binding site. The 530 loop where the mutation in the 16S rRNA is located has been mapped at the external surface of the 30S subunit, and is therefore distal from the streptomycin binding site at the subunit interface. Our results support the conclusion that the mutation at position 523 in the 16S rRNA does not interfere with the binding of streptomycin, but prevents the drug from inducing conformational changes in the 530 loop which account for its miscoding effect. Since this effect primarily results from a perturbation of the translational proofreading control, our results also provide evidence that the 530 loop of the 16S rRNA is involved in this accuracy control.
INTRODUCTION
Several lines of evidence indicate that the ribosomal RNA is the primary target for a number of drugs (1) . The aminoglycoside antibiotic streptomycin has been shown to protect specific bases in E. coli 16S rRNA (909 to 915, 1413, 1487 and 1494) against chemical modifications (2) . Furthermore, streptomycin could be cross-linked with nitrogen mustard to regions in 16S rRNA encompassing bases 892 to 917 and 1394 to 1415 (3) . It was deduced from these results that the streptomycin binding site is proximal to the ribosomal decoding site, which has been mapped in the cleft of the 30S subunit at the subunit interface (4, 5) . The ribosomal mutations which cause resistance to streptomycin in E. coli occur in the 30S protein S12 (reviewed in 6,7). Streptomycin resistance mutations in rRNA operons could not be isolated by classical genetics since these operons are present in seven copies in the genome of E. coli. However, streptomycin-resistant mutants of Euglena gracilis chloroplasts have been isolated with a point mutation in the 16S rRNA gene (8) . This point mutation was located at position 912 (E. coli numbering), which lies in the region of interaction between streptomycin and the 16S rRNA, as indicated above. When this mutation (a C to T transition) was introduced in the corresponding position of E. coli 16S rRNA gene in the cloned rrnB operon, the E. coli cells transformed with the mutagenized plasmid were found to be streptomycin-resistant (9) . Gau-thier et al. (10) have recently shown that resistance to streptomycin can also be induced in the chloroplasts of Chlamydomonas eugamelos by altering the sequence of the 16S rRNA gene in the so-called "530 loop" region, at position 523 (E. coli numbering). In the present study, we have introduced this mutation in the 16S rRNA gene of the rrnB operon of E. coli and we show that E. coli cells transformed with the mutagenized plasmid also become streptomycinresistant, in »pite of the fact that the mutation lies outside the binding site of the drug.
MATERIALS AND METHODS
Cell strains, platmidi and ph»ges.
Plasmid pKK3535 which contains the entire rrnB operon cloned into pBR322 (11) was kindly provided by Dr. Harry Noller, University of California, Santa Cruz. E. coli strains HB101 and DH1 (12, 13) were used as plasmid hosts while E. coli JM101 (14) was used as the host of phage Ml3 derivatives. Recombinant phages were constructed by inserting the PstlXbal fragment from pKK3535 which contains the entire 16S rRNA gene (Figure 1) (16, 17) using the Amersham oligonucleotide-directed in vitro mutagenesis system. The DNA sequence of the mutant M13 recombinant phages was confirmed by the dideoxynucleotide chain termination method (18) , with [^SJdATP as a label and using a synthetic primer (5'AGTAATTCCGATTAA 3') which hybridizes to the portion encompassing bases 551 to 565 in the 16S rRNA gene. The mutated Pstl-Xbal fragment was substituted for the non-mutated corresponding fragment in pKK.3535 by a three-point ligation, yielding pPM523 with an A to C transversion. E. coli DHI cells transformed with pPM523 or pKK.3535 were plated on agar using LB medium with 40 pg/ml ampicillin. Colonies were transferred by replica plating onto the same medium supplemented with streptomycin at concentrations of 0, 5, 10 and 25 fig/ml. This operation was repeated twice with colonies gro- 
